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1. Introduction

Computer Science has been one of the major scientific revolution of the 20th century. Our societies and life have
been deeply transformed into a unified model within a modern and fast connected world. We can’t even imagine how
could be our digital world without internet and computers. Computer simulations have revolutionized our understanding
of life and strongly interacts with the world around us to largely extend the boundaries of our knowledge.

From the simulation of complex physical phenomena and intricate biological systems, at the macro and nano
levels, from cosmology to nuclear particles interaction, the power of computational techniques has become an
indispensable tool of investigation in all scientific disciplines. Across a wide range of problems arising in all
scientific and engineering disciplines the computer simulation enables to handle massive amount of data and
massive amount of numerical computations for complex investigations. The most impressive contribution was
given by one of the fundamental mathematical field: nonlinear analysis.

Nonlinear analysis is a fundamental branch of pure mathematics, dealing with a wide range of problems, in
particular investigating uniqueness theorems and existence of solutions of nonlinear analytical problems. The
search of solutions has been significantly improved by the increasing use of computers both for obtaining analytical
series and numerical approximations. Such a kind of investigations have gained successful results and has been
extended to study nonlinear problems in almost all disciplines. So that nonlinear analysis is crossing a variety of
applied sciences from engineering to physics, economics, biology, medicine and even social sciences. In fact, with
the modern highly technological instruments and advanced theoretical model an increasing number of new
nonlinear problems are discovered thus leading to a constant need for more performing computational models.

The complexity of our world and the constant technological challenges can be seen in the intricate
interdisciplinary exchanges in the most advanced research fields, from nuclear physics to fluid dynamics from the
uncertainty of quantum physics to the volatility of financial markets. Therefore, we become more and more aware
of the complex patterns and evolution of systems like e.g., biological, astrophysical, nuclear, new materials,
systems. So that the intriguing nonlinearities of the real world become an attracting field of research full of
challenges and new insights. Nonlinear mathematical analysis is the fundamental mathematical tool for
understanding these complex behaviors, and it is used for modeling, prediction, search of solutions, problem-
solving across almost all disciplines.

2. Theoretical Foundations and New Frontiers

In recent years nonlinear analysis has been growing very fast and giving significant results on several topics
such as operators, perturbation analysis, global existence, stability, functional analysis, convergence, regularity,
optimal control, variational methods, topology, differential problems. The search of solution and the proof of
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convergence has lead to original numerical schemes and the development of new computational methods. So that
the computer simulations has becoming a fundamental tool of investigation of nonlinear problems. The major
scientific contribution of nonlinear analysis is not only from pure mathematics but also for the many applications
in real world problems. When facing the complexity of linear problems the first approach is to linearize a problem
thus reducing the complexity and the computations. However given the rapid growth of computers and
computational methods the challenge for solving nonlinear problems has been one of the major task of modern
scientific research. Classically, one of the most known nonlinear theory is fluid mechanics described by nonlinear
partial differential equations. Some other nonlinear differential problems arise in relativity, biology, population
dynamics, chaos and bifurcation, quantum physics, geophysics, image analysis and data analysis, graph theory and
networks. So that far distance topics of research share the common property of being described by similar nonlinear
differential equations problems. The dependence of climate prediction on a large amount of parameters is shorty
summarized as a complex model, but the many attempts to forecast the climate evolution rely on the solution of
nonlinear differential problems. Moreover, many new nonlinear computational algorithms have been used to study
big data (like in climate modeling) to predict the evolution of climate and the fast growing of data analysis implied
a more precise forecasting and these results were impossible to obtain with classical mathematical methods even
in recent times.

The impact of computers and computer simulations is not limited to theory. In fact, the application to the
analysis of real-world problems are transforming our society and pushing our world to unexpected global
challenges like e.g., the world climate prediction, the mission to Mars, the genomic data bank and DNA decoding,
the nuclear fusion, the large hadron collider for the analysis of elementary particles, autonomous and robotic
systems, global connections and communication networks and so on. For instance, thanks to the modern analysis
of DNA we can have personalized medicine for more effective treatments and extend our healthy life. Thanks to
computer simulations we can have a better prediction of the climate on environment and the climate change even on
long-term, thus pushing our societies toward a more sustainable life by reducing the impact of technologies on the
environment. It is also thanks to the computer simulations and Al that we have improved the efficiency of autonomous
systems (drones, cars, robots, ...) that have enormously improved the quality of our life and healthcare.

3. Cross-Disciplinary Synergy in the Nonlinear Studies

One of the major feature of the nonlinear analysis is its interdisciplinary nature. Nonlinear analysis was
originally born as one of the main research field in pure mathematics, but in the last Century given its cross-
synergy with computer simulations was growing fast as an efficient tool of investigation in a variety of applied
sciences—engineering, physics, economics, biology, and even social sciences. The thin border between theoretical
mathematics and applied research became more and more invisible, leading to a strong and fruitful cooperation
and intersection. In this field, we have not only papers dealing with abstract mathematical models of pure
mathematics but also significant models that solve real-world problems. For instance, we have original studies in
the theory of nonlinear partial differential equations from abstract point of view but also practical point of view in
modelling dynamical systems, chaos, physical interactions, wave propagation, nonlinear materials (including
biological tissues, optical materials, metamaterials) but also in signal and image analysis. There follows that these
studies provide new perspectives not only in theory but especially in advanced extreme engineering applications.
Computer simulations have helped to increase the cross disciplinary synergy among disciplines. They represent
not only computational models and algorithms but also the most suitable tool to investigate the nonlinearities of
hard complex problems from machine learning to artificial intelligence, from optimization to automatic design,
from big data to image analysis. Thanks to this cross-fertilization and synergy that we an easily explore new
research field and we can push forward the boundaries of our knowledge.

4. Journal Mission

This journal focuses on original papers for modeling nonlinear problems by using suitable computer
simulations. In particular, this journal is dealing with convergence, existence, stability, optimization, functional
spaces, operators, differential, integral problems. The analysis of differential problems with ordinary, partial,
differential or integral equations also in presence of a stochastic term, modelling mathematical, physical,
biological, financial, engineering models is an important topic of nonlinear analysis. The simulations of fluid
dynamics problems or complex large scale systems (depending on a large number of parameters) together with the
analysis of uncertainty that require a suitable smart computational tools to handle a large amount of computations
are also fitting with the scope of this journal.
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Nonlinear Analysis and Computer Simulations journal is providing a platform for sharing original works both
in theory and applications that are modeling nonlinear problems by using suitable computational tools. The main
aim of the journal is to play a role both in the theory and applications of nonlinear models. We call for papers
where new original techniques, models, methods, algorithms and computer simulations might open new
perspectives in research.

The Journal of Nonlinear Analysis and Computer Simulations is collecting original researches in the field of
nonlinearity bringing together significant computational tools. Contrary to the linear approximation, nonlinear
models propose original methods to study theoretical pure problems and practical applications. The outstanding
power of computer simulations greatly enhances the solution of complex problems thus improving also predictive
modeling, problem solving in almost all research fields from pure mathematics to any engineering applications
and physical theories. Thus being open to any progress in simulation methods, computational tools, and their real-
world applications.

5. Significant Milestones and Trends in the Solution of Nonlinear Differential Equations

Nonlinear differential equations are one of the fundamental topics of nonlinear analysis. However, it is only
a small fragment of the large realm of the nonlinearity world. In this section the major contributions to search of
solutions for a such kind of equations is given as an example of the rich field of research. During the last Century
and in particular during the last decades there has been an increasing challenge to study nonlinear problems. Given
the fast exponential growth of computers the analysis of complex problems became one of the major field of
research and interest. In particular the main attention was paid to the solution of nonlinear differential problems
by discovering a variety of methods for solving such kind of problems. Any of these methods has been used and
improved to solve more complex problems so that the majority of papers dealing with nonlinear differential
problems were achieving their tasks only by means of suitable computer simulations based on a such methods for
solving nonlinear differential equations. There follows that each computational method gave rise to a large amount
of papers accompanying an exponential growth in the number of nonlinear studies. By limiting ourselves only to
the most popular and smart methods used to solve (linear) nonlinear (ordinary or partial) differential problems we
have the Adomian decomposition method (ADM) [1,2], the auxiliary equation method [3—6], Picard’s or terative
methods that use an initial approximation to generate a sequence of approximations that might converge to the
solution [7]. Similar to this there are the so-called perturbation methods where the solution is expressed in term of
a power series in a small parameter. The homotopy perturbation method [8,9] and the homotopy analysis method
(HAM) are based on the definition of a suitable series depending on a convergence-control parameter [10—12].
The analytical approximation is defined in a such a way to be specifically obtained by a computer algebra
simulation. Variational methods and variation iteration methods are based on suitable sequence of functions that
converge to the exact solution under an optimal condition [13-15].

Among the most smart methods to solve nonlinear partial differential equations there is the search for a class
of exact solutions in the soliton’s (travelling wave) theory [16-21] obtained with classical methods: inverse
scattering [21], Backlund transformation [22-24], direct (Hirota) method [25,26] Painlevé expansion [27]. Semi-
analytical methods enables to convert the search of solution of PDE into the search of solutions for nonlinear
ordinary differential equations. The corresponding solutions are generated by the balance between nonlinearity
and linear dispersion. With respect the balancing method we have to mention the (G’/G)-expansion method [28—
32], the Kudryashov method [33], the exp-expansion method [34,35] based on a series of exponentials. The F-
expansion method is using polynomials of a given function [36,37], ratio of polynomials sums [38] and exponential
sums [39-41].

By a particular choice of the function we have the tanh method [42] which is based on a tanh polynomial and
the Riccati equation and the Jacobi elliptic functions [43—46]. The sine—cosine method [47,48] is using power of
spheric functions. Several more methods are used often are generalizations or can be used only for some special
PDE’s like e.g., the sine-Gordon expansion method [49].

Given the rapid growing of computer simulations and computer’s power the above methods, although
significant, represent only a nonexausthive list of papers and methods dealing with the numerical solution of
nonlinear differential equations and this topics is only a small fragment of the large field of nonlinearity. Therefore
the main scope described in the next section can only give a limited examples of the topics that fit with the mission
of this journal.
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6. Aims and Scope of the Journal

The journal NACS focuses on theoretical mathematical modeling where innovative computer algorithms and
simulations play a fundamental role in elucidating, exploring, and visualizing complex solutions. Nonlinearity is
inherent to modern complex systems, and computational methods are uniquely positioned to unravel and depict
these intricate behaviors. NACS particularly welcomes contributions that successfully bridge mathematical theory
with significant computational and graphical experimentation.

Recognizing the critical role of nonlinear modeling across disciplines, NACS also places special emphasis on
mathematical computational models applied to practical fields such as Engineering, Physics, Computational
Science, Biology, and any interdisciplinary domain grappling with complex nonlinear problems. The journal
actively promotes the integration of theoretical insights with tangible applications. The main scope of the journal
are summarized but not limited to the following:

Theoretical Mathematical Modeling & Analysis:

e  Nonlinear Differential Equations

e  Dynamical Systems

e  Stability Analysis

e  Optimization

° Convergence

e  Control

e  Operators

e  Functional spaces

e  Chaos and Bifurcations

e  Nonlinear Wave Dynamics and Solitons

e  Nonlinear Mathematical-Physics problems
e  Nonlinear materials

e  Multiscale and Stochastic Models

e  Complex Networks and Graphs

e Number Theory (with relevance to nonlinear phenomena/computation)

Computational & Graphical Methods:

e  Advanced Numerical Methods

e  Machine Learning (applied to modeling/simulation/analysis)
e  Signal and Data Analysis

e  Image Analysis and Processing

e  Scientific Software Development and Visualization

Original research and review papers dealing with problems somehow related to nonlinearity and computer
simulations are also welcome.

7. Conclusions

Looking ahead to the future of the journal, envisioning what the journal will ultimately develop into,
anticipating the transformative changes it will bring to the field. The interplay between Nonlinear Analysis and
Computer Simulations and its influence on theory and applications is the steady ground for building any modern
mathematical and engineering research field. Efficient computational tools and models enable to handle the many
complexities and uncertainties of real-world problems. Computational limitations disappear with the fast growing
of computers and Al thus enabling to solve more complex analytical problems continuously arising from the more
accurate observations of the real-world. Therefore technology, mathematics and computer science merge into a
unique model that bring us toward the future opening the frontiers of a new scientific era.
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